Objective: To interpret the gradual increase in HIV detection rate in Poland during 1993-2007, separating effects due to epidemic maturation from effects possibly due to new outbreaks or implemented measures.
INTRODUCTION
According to WHO and EuroHIV data the HIV transmission rate in Central Europe is classified as a low level epidemic spread (1, 2) . However, several HIV outbreaks have occurred in the region, including an outbreak among injecting drug users (IDU) in Poland in 1989-1990 (3) . After this outbreak rates of HIV detection in Poland decreased to the lowest annual number of 10 cases per million population in 1993, however increased thereafter to 17 to 20 per million in 2002-2007 (4, 5) . This situation is dramatically different from several Eastern European countries, where the epidemic started in a similar way, through introduction and spread of the virus among IDU. Large outbreaks in IDUs in Eastern Europe resulted in an estimated incidence as high as 345 per million in 2001 and over 1000 per million in 2001 in Estonia (5, 7) .
Due to the nature of HIV transmission, the virus often spreads between persons of similar age. Thus, although the risk of HIV is mainly dependent on age, it could also be related to cohort specific effects, such as certain social norms shared by generations. Estimation of cohort effects may help to predict the burden of cases expected as a result of epidemic maturation. Additionally, prospective effects of public health interventions targeted at young people include changes in vulnerability of the incoming birth cohorts due to increased awareness of risks and greater skills to take protective measures. Finally the age, cohort and period analysis allows us to separate the cohort and age effects from the calendar time effect, which is possibly associated with a new outbreak or, on the other hand, could be attributed to community-wide interventions (8) . Analysis by birth cohort was successfully used to describe HIV/AIDS epidemic in the past (9, 10) .
So far there have been no attempts to explain the gradual increase of HIV detection rate after the rapid containment of the early HIV outbreak in Poland or why the epidemic never reached the magnitude comparable to the epidemic in Eastern Europe.
The aim of the study was to disentangle the effects as a result of the introduction of HIV to successive cohorts, age effects and the effects of calendar time in order to better interpret the dynamics of HIV spread in Poland.
MATERIAL AND METHODS

Source of Data
We used data from routine HIV surveillance, excluding cases of vertically transmitted infection and cases below 15 years of age at the time of reporting HIV infection. The system includes all cases confirmed by Western Blot/immunoblot, nucleic acid amplification method or meeting case definition for AIDS. In Poland HIV infection is most often diagnosed by a repeated immunoenzymatic (most often ELISA) test followed by Western Blot. The surveillance is comprehensive and based on laboratory and clinical reports. Reports are sent to regional public health departments and then to the Department of Epidemiology, National Institute of Public Health -National Institute of Hygiene. At the central level all identifiable duplicates are removed using name based identifiers, which are available for >70% of reported cases. However, no follow-up for missing information is performed.
AIDS cases are reported by clinicians to regional public health departments according to 1993 European case definition. The definition criteria are verified at regional and central levels. At the central level the reports are additionally checked for double reporting and linked to HIV reports. Due to reporting delay and verification process registration of AIDS cases is likely to be delayed by several months from initial diagnosis.
We used HIV reports registered in 1986-2007 and AIDS reports registered in 1986-2008.
Definitions
Late presentation was defined as having been diagnosed with AIDS within 6 months of HIV diagnosis. Date of HIV diagnosis was established as the earlier of two dates: date of HIV test on HIV report or date of first HIV diagnosis at the AIDS report.
To accommodate for reporting delays of HIV reports, we analyzed data based on the time of report rather then time of diagnosis. Reporting delay was stable over the time in the examined period. Age at the time of report was taken according to the year of birth, ensuing that year of report is equal to the sum of the year of birth and age.
Statistical Analysis
We used a chi-square test to compare distribution of case characteristics across time periods. For analysis of recent trends of age distribution in successive birth cohorts data from 1993 were used. We used a Poisson based model with an intrinsic estimator allowing the study of independent effects of cohort, age and year of registration (8) . Sex and indicator of late presentation were also added as explanatory variables. The fit of the model was assessed by the deviance/Pearson residual criterion. The analysis was performed in STATA 10.1. The assumed significance level was 5%. [2005] [2006] [2007] . There were also significant differences in the distribution of transmission groups, with relative decrease in importance of drug injecting (Table 1) .
RESULTS
Age was not available for 385 cases (4.44%) and these cases were excluded from age-period-cohort analysis. Fig. 1 
DISCUSSION
In the current study we separately examine effects that age, birth cohort and calendar time have on the risk of detection of HIV in Poland. For the effect of age, we show the peak risk at ages 18 to 30 with the risk dropping below the average level only around the age of 50. The most affected birth cohorts include people born in 1965-1980, with a significant reduction of risk in the birth cohorts born after 1980. Lastly, despite there being no calendar time period effect from 1996 until 2005, in 2005-2007 we demonstrate a 21% increase in the HIV detection risk, adjusted for the effects of involvement of new birth cohorts.
The cohort effect corresponds to the general prevalence of HIV in the cohort and possible risk behaviours related to life attitudes, perception of the risks and ability to avoid behaviours related to higher risk of infection spread. Rapid HIV spread among birth cohorts 1960-1970 translates into a marked cohort effect later on, possibly due to quick accumulation of the infected individuals who can act as a source of infection for others. Cohorts 1970-1980, in which HIV was introduced at younger ages have even higher risk. In contrast, the risk of detecting HIV in the cohorts born after 1980 is smaller than the risk in preceding cohorts, when they were at the same age. This could be due to a real decrease in HIV spread in younger cohorts or due to a decreased rate of testing. In the past, 90% of the infections detected in young persons were due to injecting drugs. However, at present injecting seems to be a 1923-1925 1926-1928 1929-1931 1932-1934 1935-1937 1938-1940 1941-1943 1944-1946 1947-1949 1950-1952 1953-1955 1956-1958 1959-1961 1962-1964 1965-1967 1968-1970 1971-1973 1974-1976 1977-1979 1980-1982 1983-1985 1986-1988 1989-1991 RR in relation to mean rate less popular means of taking drugs among adolescents and young adults (11, 12) , which could have contributed to the decreased risk in the youngest birth cohorts. Additionally, prevention of HIV spread, especially sexual transmission, among the young people is one of the priorities of the National Programme Combating AIDS and Preventing HIV Infections in Poland, in the framework of which HIV related education has been implemented in schools. The increased risk in the birth cohorts 1960-1980 allows us to predict a rise in the number of cases detected at older ages during the coming twenty years, as the high risk cohort ages gradually replacing the low risk cohorts born before 1960. Together with aging of the cohort of patients already in the health care system this can have a significant impact on the future medical care for HIV infected persons, thus the focus will have to shift to address problems of older population.
Fig. 1. Distribution of newly detected HIV cases by the year of birth and age at HIV diagnosis.
Fig. 2. Independent effects of age, cohort and period on the number of newly diagnosed HIV in
Age effect relates to typical changes in behaviour related to age such as sexual activity or drug/alcohol use. The infections diagnosed in younger persons are very rarely late stage infections (data not shown). Assuming that even with low intensity of testing some cases will be detected soon after the infection occurs, we may conclude that at present the problem of HIV begins at the age of 16 years. This draws attention to prevention at the level of elementary school. The risk distribution over age groups also indicates a need to improve prevention among older adults including promotion of testing.
Period effect relates usually to systemic changes, such as effects of public health interventions directed to broad age ranges, or occurrence of a new outbreak in a previously unaffected subpopulation (8) . Despite a 20% increase in the number of the registered cases from 551 in 1996 to 656 in 2004 there were no noticeable period effects, suggesting that the increase could be fully explained by new birth cohorts being affected by HIV spread and continued detection of cases in the older cohorts. This indicates a stable situation, although it also means a failure to prevent introduction of HIV to successive birth cohorts. It should be noted that a small (21%), but significant increase occurred during the last time period (2005) (2006) (2007) . This could be explained by increased testing or emergence of a new epidemic with different characteristics.
Since the surveillance data refer only to the diagnosed cases, trends in detection rates may be biased by changing effectiveness of screening for HIV, i.e. changes in the number of tests or an increased risk to groups that are not routinely screened. Testing rates in Poland are rather low and changes in testing patterns over the years are poorly understood. In the routine surveillance of laboratories a recent increase of nearly 20% in the number of reported HIV tests (excluding blood donations) was noted: from approximately 130 thousands in 2005 to 160 thousands in 2007 (5) . Screening of vulnerable groups and testing because of risk behaviours constitute 5-10% of all tests, excluding blood donations. In this group an increase in the number of tests was only observed in the group tested because of risky sexual behaviour (no formal definition) (5) . In line with these data behavioural surveys conducted in 1997, 2001 and 2005 demonstrate that only between 6% and 7% of adults in Poland have ever been tested for HIV. This percentage increased to 11% in 2007 survey (13, 14, 15) . Therefore the 2005-2007 period effect can be at least partially related to unmasking of an ongoing HIV spread following increased testing. Risky sexual behaviour is common in Poland (13, 14) . Consequently, sexual spread in general population is expected and the current testing rate may be insufficient, leading to important delays in diagnosis and treatment of HIV disease. This is further supported by the growing number of late presenters especially among persons infected through sexual contact both in MSM and heterosexuals (4) .
Although surveillance data is limited by an increasing number of HIV cases reported without the transmission route specified, it should be noted that the percentage of women among newly diagnosed cases decreased from over 28% in 2003 to approximately 20% in 2007 (data not shown) and the percentage of MSM increased in the period 2005-2007. However, as noted above, there is no evidence of increased testing among MSM, pointing to the possibility of a new epidemic among this group. A similar situation can be seen in western European countries and there is some evidence that this could also be a case in Poland. In diagnostic testing HIV frequency among MSM increased from 7.1% in 2003 to 14.5% in 2006 (Department of Epidemiology, National Institute of Public Health -National Institute of Hygiene, unpublished data). Growing proportion of new diagnoses attributable to sex between men was also noted in the largest regional HIV center in Poland (16) .
The description of the infections in late 80-ties, early 90-ties in terms of birth cohorts suggests rapid spread of an infection newly introduced to a susceptible population and later saturation of the highest risk group. The similar situation was noticed in recent years in the countries of Eastern Europe (Estonia, Russia) (6) . The difference in the scale of this phenomenon is likely related to a difference in prevalence of injecting drug use. The prevalence of IDU is especially high in Estonia, over 10 times higher than in Poland (17) (18) (19) . Apart from saturation phenomenon, implementation of effective prevention programs could have played a role as well. However, studies among injecting drug users demonstrate persisting high level of risk behaviours as well as high prevalence of HIV, comparable in 1991 and in 2004/5 (20, 21) .
Low prevalence of injecting drug use could also explain why the HIV epidemic in Poland did not spread as easily to the general population as it did in some eastern countries. Additionally, there was a relatively small overlap between IDU and commercial sex workers (CSW), who could act as a bridge to the general population: 2.3% of CSW surveyed in 2002 indicated injecting drugs during past 12 months and 5.9% of IDU participants of a study in 2004/2005 engaged in sex work during past 12 months (21, 22) .
In conclusion, consideration of age, cohort and period effects in HIV detection rate data enabled generation of hypotheses regarding the recent epidemiological situation of HIV in Poland. Presented data implicate ongoing changes in the pattern of HIV spread with a recent unexpected rise of HIV rate as evidenced by the period effect [2005] [2006] [2007] . Whereas this could constitute an effect of increased testing there is also evidence of increased spread among the MSM, which merits further attention.
